isms of the haemodynamic changes are not completely understood since cardiac index (CI) was not measured in earlier studies.
The aim of our study was to compare the haemodynamic effects of the infusion of both agents during the induction, orotracheal intubation, and 10 min after intubation in a double-blind, randomized trial. Our hypothesis was that the titration of both anaesthetics to an appropriate depth of anaesthesia will reduce their required dose and alleviate negative haemodynamic effects after intubation. We were interested which agent causes more hypertension and tachycardia at intubation and which more hypotension and bradycardia after intubation. CI, mean arterial pressure (MAP), and heart rate (HR) were taken as the primary outcome variables.
.120 mmol litre 21 , manifest liver disease, Alzheimer disease, and epilepsy. All patients were fasting overnight, had the same bowel cleansing procedure, and took their regular medication on the morning of the surgery except angiotensin-converting enzyme inhibitors. Premedication consisted of oral midazolam 0.1+0.02 mg kg 21 1 h before surgery. Upon arrival to the operating theatre, an i.v. line was placed and Ringer's solution 10 ml kg 21 was administered until the measurements were started, non-invasive blood pressure was measured, and ECG and pulse oximeter monitors were attached. An epidural catheter was inserted in the lower thoracic region and 3 ml of 2% lidocaine (Xylocaine 2%, AstraZeneca, UK) were administered epidurally 20 min before the start of the measurements. An arterial line was placed into the radial artery and the LiDCOrapid monitor (LiDCO Cardiac Sensor Systems, Cambridge, UK) for measuring CI was attached. BIS electrodes were placed and A-2000 BIS monitor XP platform (Aspect Medical Systems, Cambridge, MA, USA) with a smoothing rate of 15 s was attached. The perfusor (Alaris CC for 50 ml syringe, Cardinal Health, Dublin, Ireland) with the anaesthetic agent for induction was prepared by an independent contributor. The anaesthetic agent was determined by a coin flip. The patients were randomly assigned to one of the two treatment groups with respect to the anaesthetic agent used for induction of anaesthesia. The propofol group (P group) received propofol (Propoven Fresenius 1%, Fresenius Kabi, Bad Homburg, Germany) at the infusion speed during induction of 0. 5 One minute after the baseline haemodynamic measurements were taken, fentanyl (Fentanyl, Janssen-Cilag Pharma, Belgium) 3 mg kg 21 was administered intravenously.
Two minutes after fentanyl administration, an infusion of the anaesthetic agent was initiated. As soon as the BIS value reached 60, the anaesthetic infusion was stopped and the consumed dose of the anaesthetic was recorded by the independent contributor. We measured the time from the start of the anaesthetic infusion until the following: the loss of palpebral reflex, the decrease in the BIS value to 60, and the orotracheal intubation. After palpebral reflex loss, rocuronium 0.6 mg kg 21 (Esmeron, N.V. Organon, Oss, Netherlands) was given and 1 min later the patient was orotracheally intubated by the main examiner who was unaware of the induction agent type. Each intubation was successful at the first attempt and took ,20 s. After intubation, the patient was mechanically ventilated (Drä ger-Primus, Germany) with a mixture of oxygen and air (1:1) with the addition of sevoflurane 1 vol% which was included into the gas mixture immediately after intubation and reached 1 vol% in the gas mixture 10 min after intubation. 
Results
The flow diagram of the conduct of the study is shown in Figure 1 . We randomized 48 patients. Two patients were excluded from data analysis as a result of technical problems. Therefore, 46 patients were included in the analysis. No significant differences between the two groups with respect to patient characteristics, diagnoses, baseline haemodynamic, and BIS measurements ( The time from the start of the anaesthetic infusion until the loss of palpebral reflex (P¼0.002), the time from the start of the infusion until BIS value 60 (P¼0.003), and the time from the start of the infusion until orotracheal intubation (P¼0.003) were significantly longer in the E group compared with the P group ( Table 2) . Haemodynamic data measured during the study and the BIS values for both study groups are shown in Table 3 . Before intubation, there were no significant differences between the groups with respect to haemodynamics, BIS, and saturation. In the period immediately before intubation MAP, CI, and HR decreased significantly compared with baseline in both groups of patients, while the SVRI remained almost unchanged.
During intubation, there were no significant differences between the two groups with respect to CI, SVRI, HR, and BIS (Table 3 ). In the P group, MAP was significantly lower than in the E group (P¼0.019). In the P group, MAP did not change during intubation and remained significantly decreased with respect to baseline. However, in the E group, MAP increased during intubation and reached approximately the baseline value. In both groups, CI was still significantly decreased at intubation compared with baseline. In the P group, SVRI was significantly increased, whereas in the E group, no significant change in SVRI at intubation was noticed compared with baseline. Both groups showed no significant differences in HR at intubation compared with baseline.
After intubation, MAP was significantly higher until 7 min after intubation (P,0.05) in the E group with respect to the P group (Table 3 ). In the E group, CI was significantly higher 2 (P¼0.039), 6 (P¼0.038), and 7 (P¼0.024) min after intubation. There were no significant differences between the two groups with respect to HR and SVRI during the measurements after intubation. In both groups, MAP, CI, and HR were significantly decreased after intubation until the end of measurements compared with baseline, except 1 min after intubation, when there were no significant differences compared with baseline in all these parameters in the E group and HR in the P group. In the P group, SVRI was significantly increased after intubation compared with baseline. In the E group, SVRI was significantly increased 8-11 and 13 min after intubation compared with baseline.
The time course of per cent change in MAP, CI, HR, SVRI, and BIS with respect to baseline is shown in Figure 2 . In the E group, the per cent change in MAP significantly increased compared with the P group from the time of intubation until 7 min after intubation. At the time of intubation and the whole time after intubation, the per cent change in CI was significantly higher in the E group compared with the P group. There were no significant differences among the groups with respect to per cent change in SVRI and HR at and after the intubation.
At intubation, E ′ CO 2 was 4.3+0.1 kPa in the P group and 4.4+0.1 kPa in the E group (P¼0.073). Five minutes after intubation, E ′ CO 2 was 4.2+0.2 kPa in the P group and 4.3+0.2 kPa in the E group (P¼0.089), etSevo was 0.47+0.07 vol% in the P group and 0.54+0.07 vol% in the E group (P¼0.383). Ten minutes after intubation, E ′ CO 2 was 4.3+0.1 kPa in the P group and 4.2+0.2 kPa in the E group (P¼0.221), etSevo was 0.96+0.06 vol% in the P group and 0.95+0.06 vol% in the E group (P¼0.816). There were no significant differences between both groups after intubation regarding E ′ CO 2 and etSevo. During the study, we did not observe any signs of ischaemia, ECG, or ST-segment changes in any patient and no patient reported of awareness. The number of patients with complications and the need for rescue medication is shown in Table 3 . Twenty-three patients developed complications; 10 in the P group and 13 in the E group (P¼0.376) ( Table 4 ). All complications appeared at or after intubation. There were no significant differences among the groups with respect to bradycardia (P¼0.63) and tachycardia (P¼0.31) ( Table 4 ). The incidence of hypotension was higher in the P group (P¼0.08) and the incidence of hypertension was significantly higher in the E group (P¼0.007). A similar difference between the groups was noted with respect to rescue medication (Table 4) .
Discussion
We studied the influence of the infusion of etomidate and propofol titrated to a BIS value of 60 on changes in haemodynamics before, at, and 10 min after orotracheal intubation in patients undergoing major abdominal surgery. Our study showed that the use of propofol resulted in less hypertension and tachycardia at and after intubation than etomidate. Before intubation, no significant differences between the two groups regarding the haemodynamics were noticed.
But even with the reduced doses given with the BIS-guided protocol, propofol often caused significant hypotension.
The CI was measured with the LiDCORapid monitor providing beat-to-beat measurement of CI by analysing the arterial blood pressure tracing. The displayed values are nominal and are derived from a population-based normograph, which may not be absolutely accurate.
14 The calculation of CI by arterial pressure waveform analysis could be influenced by several confounders, such as changes in vascular tone (e.g. during intubation) or vasoactive drugs. 15 16 In the literature, there is only one study of LiDCOrapid validation. 17 The authors report that uncalibrated pulse power analysis fails to reliably measure the absolute value of cardiac output in patients undergoing coronary artery bypass surgery. We decided to use LiDCORapid because it only requires a standard radial arterial line and were interested in trends of CI rather than the absolute values. There are no studies in the literature evaluating the validity of the LIDCORapid to follow the changes in CI, but any possible bias, if present, is probably equally distributed between both treatment groups and probably did not influence our results. The BIS monitor is a well-established monitor for measuring the depth of anaesthesia. 18 19 We used it to titrate the induction agents to a BIS value of 60. Our goal was to intubate at a BIS value of 50, which is in the lower third of the recommended range for general anaesthesia (BIS of 45 -60), 18 and the reported theoretical time delay of the BIS monitor is 10-15 s or even more compared with real time. 20 21 In the literature, the recommended bolus induction dose is 1.5 -2.5 mg kg 21 for propofol and 0.15 -0.4 mg kg 21 for etomidate. 2 3 6 In our study, the mean consumption of propofol was 1.14 mg kg 21 (range: 0. 
BIS-guided anaesthesia induction: propofol or etomidate
We decided to use the mentioned speed of infusion of both anaesthetics on the basis of the already described pharmacokinetics and pharmacodynamics 3 22-24 and reports found in the literature (0.50 and 0.75 mg kg 21 min 21 for propofol and 0.1 mg kg 21 min 21 for etomidate). 22 25 26 Our goal was to titrate both agents to the same BIS value; we were also interested whether the chosen infusion speeds are comparable in terms of similar induction time. The results show that all measured times were on average significantly longer in the E group because of the wider range of dosages required for induction compared with the P group. The mean calculated infusion speed of etomidate was 0.087 mg kg 21 min 21 (57% faster) to achieve the same mean induction time compared with propofol. In our study, no significant differences were found between the groups in haemodynamics before intubation. During this period, MAP, CI, and HR decreased significantly in both groups. The differences between the groups appeared at and during the first 7 min after intubation when MAP and CI were higher in the E group. The E group was the less effective in minimizing hypertension and tachycardia. As shown in Figure 1 , the increase in MAP at and after intubation in the E group was caused by an increase in CI, while the time course of SVRI change was similar in both groups.
No study comparing the effects of BIS-guided induction of anaesthesia with propofol and etomidate on cardiac output before and after intubation was found in the available literature. There are few studies comparing both agents after bolus administration with respect to their effects on CI before, at, and after intubation. Except the mentioned, the depth of anaesthesia was not measured. 8 the anaesthesia depth with the BIS monitor in their study comparing the haemodynamic effects of propofol and etomidate after slow bolus administration (titrating to BIS 60 or less) until intubation in patients with aortic stenosis. They found that propofol is twice as likely to cause hypotension during induction as etomidate. They also observed a decrease in CI and no change in HR during the induction in both groups with no differences between the groups. It is difficult to compare the results of our study with the studies mentioned above since the study design and the patient groups are very different. The number of patients developing complications was not significantly different between the groups. However, the incidence of hypertension was significantly higher in the E group, where hypertension always appeared at and/or immediately after intubation. One cause could be an inadequate dose of etomidate despite the adequate BIS value because BIS was not originally validated with etomidate. However, studies showed that BIS is a reliable monitor for measuring anaesthesia depth in the case of etomidate. 24 Lallemand and colleagues 30 also report no difference in hypertension and tachycardia at and after intubation at doses of 0.2, 0.3, and 0.4 mg kg 21 . In the P group, one patient had hypertension at intubation and one patient hypertension 10 min after intubation as a result of unexplained reasons. The incidence of hypotension was higher in the P group with the differences between the groups approaching statistical significance limit (P¼0.08). As expected, more patients in the P group experienced only hypotension, which occurred in the first 5 min after intubation and after that. In both groups, there was no correlation between the induction dose and the incidence of side-effects. We are aware that the relative large dose of fentanyl (for ASA III patients) and the test dose of local anaesthetic via epidural catheter could have had synergistic depressant haemodynamic effects in both groups through the whole time of our study. But in the E group fentanyl did not prevent the intubation stress. After intubation, sevoflurane which was introduced with a slow wash-in technique to delay its haemodynamic (baroreflex depression, depression of the contractility of the heart) and anaesthetic effects (which are concentration dependent) could also have had synergistic depressant haemodynamic effects in both groups, predominantly after the first 5 min after intubation once the concentration in the expired gas reached .0.5 vol% in both groups.
In conclusion, our study showed that the use of propofol resulted in less hypertension and tachycardia at and after intubation than etomidate. But even with the reduced doses given with the BIS-guided protocol, it often caused significant hypotension. However, the use of etomidate was not related to a more stable haemodynamics compared with propofol, especially because of its inability to prevent an increase in HR and blood pressure at and after intubation and its potential to cause hypotension in some patients despite titration to an appropriate anaesthesia depth. Perhaps certain more specific groups of patients, who are sometimes unable to express a stress response after intubation (e.g. elderly and debilitated patients, might profit from the induction with etomidate). To evaluate the haemodynamic effects of both drugs, titrated to the appropriate anaesthesia depth in these groups of patients, further studies are needed.
